Twenty USDA Standard beef inside rounds were purchased from the Excel Corp. in Plainview, TX to determine the effects of CaCl 2 injection and degree of doneness on inside round roasts. Inside rounds were halved and each half served either as a control or was injected with CaCl 2 . Each half was cut into four sections with one used for retail case display and the other three subjected to cooking at 60, 70, or 80°C doneness. Roasts injected with CaCl 2 were more tender as evidenced by higher initial and sustained tenderness scores and lower WarnerBratzler shear force values ( P < .004). Overall beef mouthfeel also was improved over the control by CaCl 2 addition ( P < .004). Thaw and purge losses were higher ( P < .001) for CaCl 2 -injected roasts and cooking losses were lower ( P < .01) than for controls. Injection with CaCl 2 did not affect color, color uniformity, discoloration, or surface browning through 1 d of retail case display ( P < .05). However, after 2 d of display, control roasts were superior in these traits ( P < .05). Roasts cooked to 60°C of doneness were found to be more palatable than those cooked to higher degrees of doneness ( P < .05). The improvement in tenderness through CaCl 2 injection for tougher cuts from the round is an important finding for the beef industry. The results from this research support the need to use CaCl 2 to improve beef tenderness and consistency.
Introduction
Muscles from the beef round are less tender than muscles from other carcass locations (McKeith et al., 1985a, b) . Research has shown that CaCl 2 improves tenderness but tenderness decreases as end point cooking temperature increases.
The National Beef Tenderness Survey (Morgan et al., 1991) showed that cuts from the chuck and round needed improvement in tenderness. Koohmaraie et al. (1990) determined that the injection of a carcass or a portion of the carcass with a CaCl 2 solution increased tenderness. Sensory tenderness scores and WarnerBratzler shear ( WBS) values were improved by injecting beef loin steaks with a 2.2% CaCl 2 solution (Kerth et al., 1995; Lansdell et al., 1995) . Koohmaraie et al. (1990) found using a .3 M CaCl 2 solution lowered WBS of longissimus muscle at d 1 and 2.
Cooking losses substantially increased and tenderness decreased after the internal temperature reached 70°C (Cross et al., 1976) . Wheeler et al. (1991) showed a substantial increase in cooking loss because of CaCl 2 injection but a decrease in WBS at d 1, 8, and 14 in semimembranosus muscles. However, no data exist on the effect of degree of doneness of beef inside rounds injected with CaCl 2 and the cooking losses associated at 60, 70, and 80°C. Therefore, the purpose of this experiment was to study the effects of injection of a 5% solution of 200 mM CaCl 2 on beef round roast palatability at three internal end points (60, 70, and 80°C).
Materials and Methods
Twenty randomly selected USDA Standard grade beef inside rounds (IMPS 168) were purchased from carcasses that were selected at the Excel (Plainview, TX) beef processing plant and transported to the Texas Tech University Meat Laboratory. The inside rounds were trimmed of fat and connective tissue and cut into halves. The gracillus muscle was removed and the semimembranosus and the adductor muscles were used for the study. One-half of the inside round was injected with a 200 mM food-grade CaCl 2 (Tetra Technologies, The Woodlands, TX) solution at 5% (wt/ wt) using an industrial size, commercial, multi-needle Gunther (model PI 16/32 Hausaunchrift, Dieburg, Germany) injector. The other half served as the uninjected control. Tap water (25°C ) was used to make the CaCl 2 solution. After CaCl 2 injection, the inside round equilibrated for 5 min and was weighed to determine final percentage increase in weight caused by injection. Each inside round half was weighed, vacuum-packaged, and stored at 2°C for 14 d. Then, each inside round was removed from the package at 14 d and purge loss was measured.
Each half of the inside round was then cut into four sections and three were assigned to be cooked to 60, 70, or 80°C in an Alto-Shaam halo heat convection heating system oven (model 750-TH-II, Menomonee Falls, WI) at 250°. Sections were assigned to treatments so that equal representation of each section occurred in all treatments. Temperature was monitored with a Cooper Instrument (model SH66A, Middlefield, CT) electric digital thermometer placed in the geometric center of the roasts. The fourth section was used in a retail case display shelf life study.
After each of the roasts was cooked to the appropriate degree of doneness, they were evaluated by a sixmember trained sensory panel trained according to Cross et al. (1978) and sheared with a WBS machine (G-R Elec. Mfg. Co., Manhattan, KS). The roasts were evaluated for initial juiciness, sustained juiciness, initial tenderness, sustained tenderness, flavor intensity, and overall mouthfeel ( 1 = extremely dry, extremely tough, bland beef flavor, and uncharacteristic beef mouthfeel to 8 = extremely juicy, extremely tender, intense beef flavor, and characteristic beef mouthfeel). Slices from roasts were cut into 1-cm 3 samples that were stored in warming pans (about 5 min) until they were served warm (approximately 50°C ) to the sensory panel. After the roasts were cut for removal of sensory samples, L*, a*, and b* values were taken on the center of the slices.
Slices 2.5 cm thick were cut from each roast for WBS evaluation and placed on plastic trays, covered with polyvinyl chloride film (PVC) and chilled for 24 h at 2°C. Six 1.3-cm-diameter cores were removed from each slice parallel to the muscle fiber orientation and sheared once with a WBS machine. Percentage cooking loss also was calculated.
The fourth roast from each half ( n = 40) was wrapped in PVC film on a styrofoam tray and placed in a Tyler (model DGC6, Niles, MI) retail display case at 2°C for 4 d. The roasts were under 24-h exposure to 12 35 SPX bulbs with 2,000 lumens each. Two desk lamps with two 30 SPX bulbs with 1,000 lumens each were placed above the display case. During the 4-d period, the roasts were evaluated under 175 footcandles lighting daily by a trained panel, consisting of at least four members, for beef color ( 1 = extremely dark red, 4 = slightly dark cherry red, 8 = extremely bright cherry red), color uniformity ( 1 = uniform, 3 = small two-toning, 5 = extreme two-toning) surface discoloration ( 1 = 0%, 4 = 40 to 59%, 7 = 100%) and amount of browning ( 1 = none, 4 = brownish-gray, 6 = dark brown) according to Standards for Beef Color (Ray et al., 1977) . Minolta colorimeter (model C200b, Ramsey, NJ) readings for L*, a*, and b* values were collected from three random locations on the roasts at d 1 through 5 of the retail display. The colorimeter was calibrated to the standard white plate and the D 65 source was used.
Statistical Analysis. Sensory panel, cooking, WBS, and retail case display data were analyzed by ANOVA with GLM procedures of SAS (1990) for a 2 treatment (CaCl 2 vs control) × 3 degrees of doneness (60, 70, 80°C ) factorial arrangement of a completely randomized design. When significant ( P < .05) differences for F-tests were detected, means were separated by the probability difference (PDIFF) option at a predetermined probability rate of 5%. The purge loss values were analyzed by a Studentized t-test.
Results and Discussion

Sensory Evaluations and Shear Force. No significant
CaCl 2 × degree of doneness interaction existed for the sensory evaluations and shear force data; therefore, data were pooled and are presented in Table 1 . Sensory panel data showed that CaCl 2 injection improved ( P < .05) sustained tenderness scores by .5 and overall beef mouthfeel score by .4 (Table 1) . Warner-Bratzler shear values were reduced .6 kg ( P < .05), substantiating sensory panel scores. The tenderness advantage of roasts injected with CaCl 2 is in agreement with other results from loin steaks (Wheeler et al., 1993; Lansdell et al., 1995) as well as Wheeler et al. (1991) in which CaCl 2 injection decreased WBS values of semimembranosus muscle.
The effect of end point cooking temperature was significant for every sensory attribute but not for Warner-Bratzler shear force values. The roasts cooked to 60°C were rated much higher ( P < .05) in initial and sustained juiciness, initial and sustained tenderness, and overall beef mouthfeel than roasts cooked to 70 or 80°C. However, beef flavor was not rated differently from that of roasts cooked to 70°C but was higher than for roasts cooked to 80°C. The roasts cooked to 70°C were rated higher than the roasts cooked to 80°C in initial and sustained juiciness, but all other attributes in Table 2 were not different between 70°and 80°C ( P > .05). (Table 2) . Cooking losses were significantly affected by both CaCl 2 treatment and end point cooking temperature. The control roasts had 3.9% less cooking loss than the roasts treated with CaCl 2 ( P < .05). Roasts with an end point temperature of 60°C had much lower cooking losses than roasts cooked to 70 or 80°C and roasts cooked to 70°had less cooking loss than those cooked to 80°C. Increasing the end point temperature from 60 to 70°C increased cooking losses 33%. Further raising the end point temperature from 70 to 80°C increased cooking losses 22%. Wheeler et al. (1991) , Diles et al. (1994) , Koohmaraie et al. (1990) , and Kerth et al. (1995) found that cooking losses were higher in cuts injected with CaCl 2 . Cooking loss increases with increased cooking temperatures agrees with research by Cross et al. (1976) . Purge losses were greater for the CaCl 2 -injected roasts ( P > .001) than for the control roasts. This finding agrees with work done by Kerth et al. (1995) , who found CaCl 2 injection increased purge in primal cuts.
Color, Uniformity, Discoloration, and Browning. A significant day of display × CaCl 2 treatment interaction existed for color, color uniformity, surface discoloration, and surface browning of the roasts during retail display (Table 3) . Injection of CaCl 2 did not affect color scores of the roasts until they had been displayed at least 3 d. Then the control roasts had a brighter color than the roasts injected with CaCl 2 . However, uniformity of color was affected after only 2 d of display. Control roasts were rated more uniform in color than the roasts that were injected with CaCl 2 . Further display gave increasing advantages to the control roasts in color uniformity. A similar pattern was found for amount of surface discoloration. Injection with CaCl 2 increased discoloration after 2 d of Table 3 . Calcium chloride injection × day of retail case display interaction for visual color a , color uniformity b , surface discoloration c , surface browning d , and Minolta L*, a*, and b* values e a Color = 1 = extremely dark red, 4 = slightly dark cherry red, 8 = extremely bright cherry red. b Color uniformity = 1 = uniform, 3 = small two-toning, 5 = extreme two-toning. c Surface discoloration = 1 = 0%, 4 = 40 to 59%, 7 = 100%. d Amount of browning = 1 = none, 4 = brownish-gray, 6 = dark brown. e L* 0 = black and 100 = white, a* green to red, b* blue to yellow. f,g,h,i,j,k Means within a row with the same superscripts do not differ ( P > .05). retail case display, and the effect increased with further display. After 4 d of display, roasts injected with CaCl 2 had a mean discoloration value of 3.9, which was less than 40% of the muscle surface discolored. Browning of the muscle surface also was increased by CaCl 2 injection after 2 d of retail case display ( P < .05). At d 4 of display, the CaCl 2 -infused roasts were rated as having just less than a brownishgray color. Data from this study are in conflict with those of Diles et al. (1994) , who found that CaCl 2 injection did not affect color, discoloration, or L*, a*, and b* values. Also, the present study disagrees with Wheeler et al. (1993) , who found in their experiment 1 that discoloration was not different regardless of injection and muscle, but this study agrees with experiment 2 by Wheeler et al. (1993) in which the control semimembranosus muscles had less discoloration than the cuts injected with CaCl 2 . Color scores disagree with Kerth et al. (1995) , who found no differences in color scores for the longissimus muscle in CaCl 2 -injected vs noninjected control strip loin steaks. The increase in surface browning with an increase in day of display in the CaCl 2 -injected roasts vs the control agrees with Kerth et al. (1995) . The L* values also agree with Kerth et al. (1995) , who found no differences between the control and the steaks injected with 200 mM and 250 mM CaCl 2 solutions. L*, a*, and b* Values. L* values were not affected ( P > .05) by CaCl 2 injection at any time of display. At d 0, the CaCl 2 -injected roasts had a much higher a* value (more red) than the control. However, the control roasts had much higher a* value than did the CaCl 2 roasts at d 3 and 4 of retail case display. At d 0 and 4, the b* values of the roasts differed ( P < .05) from each other. At d 0, the CaCl 2 -injected roasts had the higher b* value (more yellow), whereas at d 4 the control roasts had the higher b* value.
Implications
Results from this study indicate that injection of CaCl 2 improved tenderness of tough cuts such as the inside round and cooking to a lower end point likewise improved the palatability of the roasts. The use of CaCl 2 and cooking to a lower end point could lead to greater consumer satisfaction and negate the dry, tough qualities of roasts.
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